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(54) EDDY CURRENT FLAW DETECTOR 

(57) This invention prevents the failure of detection 
for horizontal and oblique lift-offs in a probe for an eddy 
current flaw detection test. Two detection coils (2, 2a, 
2b) having mutually different diameters are concentri- 
cally disposed on the surface of a testpiece (1). These 
two detection coils (2) are differentially connected to a 
bridge circuit (3) for picking up a flaw signal. The two 
detection coils (2) are adjusted so that interlinkage 
magnetic fluxes generated inside the detection coils (2) 
by the eddy current become equal. An excitation coil (4) 
for inducing the eddy current in the testpiece (1) by AC 
driving is disposed over detection coils (2). The center 
of the excitation coil (4) is positioned on the center axes 
of the detection coils (2). An oscillator (5) for applying an 
AC current to this excitation coil (4) is connected to the 
coil. 
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Description 

BACKGROUND OF THE INVENTION: 

Field of the Invention: s 

The present Invention relates to an eddy current 
flaw detecting probe used for an eddy current test for 
testing an internal flaw non-destructively. 

10 

Description of the Prior Art: 

An eddy current test is now widely practiced for 
tests in manufacturing an iron and steel material and a 
non-ferrous metal material, maintenance inspection is 
tests in various plants including small diameter tubes for 
heat exchangers and the like, and an eddy current flaw 
detecting probe is one of important factors which decide 
performance of a flaw detector. 

One example of a prior art eddy current flaw detect- 20 
ing probe is shown in Fig. 11. Numeral 1 designates a 
test object, numeral 50 designates an exciting and 
detecting coil, numeral 51 designates an exciting coil 
and numeral 52 designates a detecting coil. In the prior 
art eddy current flaw detecting probe, there are used a 25 
bobbin coil, a pancake coil and the like as the exciting 
and detecting coil and the flaw detecting probe is 
divided into an absolute type [Fig. 1 1 (a) and (b)] for test- 
ing yes or no of a flaw by impedance change in the 
respective coils 50, 52 and a differential type [Rg. 1 1 (c) t 30 
(d) and (e)] for testing yes or no of a flaw by differential 
component in the two coils 50, 52. 

Also, the flaw detecting probe is divided into a self- 
induction type [Fig. 11(a), (c) and (e)] in which same 
one coil 50 carries out both excitation for inducing eddy 35 
current and detection of magnetic field by the eddy cur- 
rent and a mutual induction type [Fig. 11(b) and (d)] 
which comprises two kinds of coils of the exciting coil 51 
for excitation and the detecting coil 52 for detection. 

The differential type, especially, has an advantage, 40 
as compared with the absolute type, in dealing with 
noises caused by horizontal lift-offs in which a distance 
between the coil and the test object changes. In the 
prior art eddy current flaw detecting probe (especially of 
the absolute type), however, there occur lift-off signals 45 
due to lift-offs so that a flaw signal may be buried, which 
results in a problem to reduce a detecting power. 

Further, even in the differential type which is gener- 
ally good for lift-offs, in case of an inclined lift-off (Fig. 
1 2) in which the probe inclines relative to the test object, so 
there occurs a difference in distances lj and from the 
two coils 52 to the test object 1 to cause inclined lift-off 
signals, which results in a problem to reduce the flaw 
detecting power. It is to be noted that numeral 51 desig- 
nates an exciting coil. 55 

Also, in the eddy current flaw detecting probe 
shown in Rg. 1 1 (e), there is less reduction in the detect- 
ing power against the inclined lift-off. This probe is con- 



structed such that two coils, arranged to cross each 
other, are mutually in a differential connection. This 
probe has, however, a directivity in the detecting power 
and there is a shortcoming that it has especially less 
flaw detecting power in the angle of 45° to a scanning 
direction. 

SUMMARY OF THE INVENTION: 

It is therefore an object of the present invention to 
provide an eddy current flaw detecting probe of which 
detecting power does not lower against lift-offs and is 
improved in a directivity. 

In order to attain said object, the present invention 
provides an eddy current flaw detecting probe con- 
structed as follows: 

(1) An eddy current flaw detector of Claim 1 of the 
present invention is an eddy current flaw detector 
constructed by use of an eddy current flaw detect- 
ing probe having coils for detecting displacement in 
a magnetic field due to eddy current induced in a 
test object by alternating current drive, character- 
ized in that said eddy current flaw detecting probe 
comprises two coils, having mutually different diam- 
eters, arranged coaxially and being in a differential 
connection with each other. 

In this case, the construction is preferably a 
mutual induction type in which said two coils are 
detecting coils and there is provided an exciting coil 
coaxially with said two detecting coils. 

(2) An eddy current flaw detector of Claim 2 of the 
present invention is an eddy current flaw detector 
constructed by use of an eddy current flaw detect- 
ing probe having coils for detecting displacement in 
a magnetic field due to eddy current induced in a 
test object by alternating current drive, character- 
ized in that said eddy current flaw detecting probe is 
constructed such that each one of said coils is 
arranged so as to have its center at each apex por- 
tion of a lozenge, a pair of said coils arranged on a 
diagonal of said lozenge are in a common mode 
connection with each other and two sets of said pair 
of coils in the common mode connection are in a 
differential connection with each other. 

(3) An eddy current flaw detector of Claim 3 of the 
present invention is an eddy current flaw detector of 
self-induction type constructed by use of an eddy 
current flaw detecting probe having coils for meas- 
uring displacement in a magnetic field due to eddy 
current induced in a test object by alternating cur- 
rent drive, characterized in that said eddy current 
flaw detecting probe is constructed such that each 
one of said coils having same characteristics is 
arranged so as to have its center at each apex por- 
tion of a lozenge, a pair of said coils arranged at the 
apex portion on a diagonal of said lozenge are in a 
reverse mode connection with each other and two 
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sets of said pair of coils in the reverse mode con- 
nection are in a differential connection with each 
other. 

(4) An eddy current flaw detector of Claim 4 of the 
present invention is an eddy current flaw detector 
as set forth in (2) or (3) above, characterized in that 
said eddy current flaw detecting probe is formed 
and arranged in a plural number, adjacent two eddy 
current flaw detecting probes thereof commonly 
own one coil out of four coils, each one thereof hav- 
ing its center at each apex portion of said lozenge 
and there is provided a means for switching said 
eddy current flaw detecting probes. 

In this case, there are arranged a plurality of the 
eddy current flaw detecting probes on a side face of a 
column-like base substance. 

In each of the above-mentioned constructions, the 
coils for detecting magnetic field are adjusted so that 
interlinkage magnetic fluxes become equal unless there 
is a flaw in the test object. 

According to the eddy current flaw detecting probes 
of the present invention constructed as above, following 
function and effect can be obtained: 

In the eddy current flaw detector of (1) above, it is 
preferable to adjust a signal ratio electrically so that sig- 
nals from the two detecting coils when there is no flaw 
are cancelled or to adjust a winding number ratio of the 
two coils so that interlinkage magnetic fluxes of the two 
coils when there is no flaw become equal. 

if the above probes are constructed in the self- 
induction type, because there are differences in diame- 
ters and winding numbers of the two coils, there occurs 
a phase difference in the exciting signals generated at 
the respective coils to cause an irregularity in the distri- 
bution of the alternating magnetic field. But if they are 
constructed in the mutual induction type, the excitation 
does not relate to the state of coil and there occurs no 
irregularity in the distribution of the magnetic field. 

Also, if the flaw detecting probe scans a portion 
where there is a flaw, the eddy current in the vicinity of 
the flaw in the test object changes and irregularity 
occurs in the alternating magnetic field generated by the 
eddy current. The irregularity in the magnetic field is 
detected first in the coil having a larger diameter. Thus, 
there occurs a difference in the interlinkage magnetic 
fluxes of the two coils and the flaw is detected. 

In case there is a change in the horizontal lift-off, 
the distance between the flaw detecting probe and the 
test object changes, but because the two coils are 
arranged on a concentric circle, the interlinkage mag- 
netic fluxes become equal so that a difference therein 
becomes zero and no lift-off signal is detected. Also, if 
there is a change in the inclined lift-off as shown in Fig. 
13, the distance I from the centers of the two coils 2 (2a, 
2b) to the test object 1 are equal as to the respective 
coils so that the difference in the interlinkage magnetic 
fluxes between the coils 2 is small and reduction of the 



lift-off signals can be attained. Further, because there is 
induced a circular eddy current on the test object 1 by 
the exciting coil 4, detection of flaw in every direction 
becomes possible. 

5 According to the eddy current flaw detector of (2) 
above, eddy current is induced in the test object by exci- 
tation and a change in this eddy current is detected by 
the detecting coil which couples magnetically. The four 
detecting coils are constructed such that two coils on 

10 the diagonal are in the common mode connection with 
each other and two sets of these two coils in the com- 
mon mode connection are in the differential connection 
with each other, which is seen as if two coils are in the 
differential connection. 

15 The detection centers of the two sets of detecting 
coils in the differential connection are same because 
the four coils are arranged such that each one coil is 
arranged on each apex portion of a lozenge. Thus, 
changes in the horizontal lift-off are cancelled com- 

20 pletely between the two coils in the common mode con- 
nection. Also, for the inclined lift-off as shown in Fig. 14, 
the detection centers of the two sets of coils 20, 21 in 
the common mode connection are same. Thus, even if 
the test object inclines, because the distance I between 

25 the detection centers and the test object does not 
change between each other, the lift-off signals can be 
reduced greatly. 

It is to be noted that a common mode connection 
means a connection with a polarity of coil being in a 

30 same direction and a differential connection means a 
connection so as to take a difference in an output volt- 
age: The common mode connection and the differential 
connection are shown in Fig. 15 in an equivalent circuit- 
wise expression. These connections can be expressed 

35 also as shown in Fig. 15(b). In Fig. 15, a black spot 
shows a polarity of each coil and an arrow shows a 
direction of voltage generated by each coil. In Fig. 15, 
numerals 60a to 60d designate detecting coils and 
numerals 61a to 61d designate exciting coils. And the 

40 coils 60a and 60b are arranged at apex portions on a 
diagonal of a lozenge and the coils 60c and 60d are 
arranged likewise at apex portions on the other diagonal 
of the lozenge. The coils 60a and 60b are connected 
with a polarity of coil being in same direction, that is, in 

45 the common mode connection. Likewise, coils 60c and 
60d are in the common mode connection. And a set of 
the coils 60a and 60b and a set of the coils 60c and 60d 
are connected so as to take a difference in the output 
voltage, that is, in the differential connection. 

so According to the eddy current flaw detector of (3) 
above, coils of same characteristics are arranged at 
apex portions of a lozenge, the coils arranged on a diag- 
onal are in the reverse mode connection and two sets of 
the two coils in the reverse mode connection are in the 

55 differential connection. This example is shown con- 
cretely in Fig. 16. It is to be noted that the actual con- 
struction of this example is of the self-induction type but 
for purpose of easy understanding it is shown here in 



3 



7 



EP 0 884 588 A1 



8 



netic fluxes in the detecting coils 2a, 2b of the inside and 
the outside. Thus, the difference in the interlinkage 
magnetic fluxes is detected by the bridge circuit 3 and 
the flaw 7 is detected. 

Further, if there is a horizontal lift-off, because the 
two detecting coils are on a concentric circle and the 
interlinkage magnetic fluxes become equal, lift-off sig- 
nals are cancelled and output of the bridge circuit 
becomes zero. In case of an inclined lift-off, because 
detection centers of the two detecting coils are at an 
equal distance each other from the test object there is 
only a small difference in the interlinkage magnetic 
fluxes in the two detecting coils and lift-off signals are 
reduced. 

Next, description will be made with reference to Fig. 
2 on a case where the construction of the present 
embodiment is used for test of interior of a cylindrical 
test object such as a small diameter tube etc. Here, 
same part as that in Fig. 1 is given a same numeral and 
description thereof is omitted. In the test of a cylindrical 
test object such as a small diameter tube etc., the excit- 
ing coil 4 and the detecting coil 2 are fitted to a probe 
base substance 1 1, for example. But in case the cylin- 
drical test object 1 0 has a curvature, the probe becomes 
inclined relative to central axis of the cylindrical test 
object 10. Nevertheless, by use of this probe, horizontal 
lift-off signals can be cancelled and inclined lift-off sig- 
nals can be reduced. Thus, a flaw detecting power can 
be enhanced. 

Next, a case where the present embodiment is 
used for test of an iron plate in a rolling process will be 
described with reference to Fig. 3. In case an eddy cur- 
rent test is to be done on an iron plate 15 in a rolling 
process, there is no constant lift-off of the iron plate 15 
which moves at a high velocity on a moving device such 
as a roller etc. By use of the probe of the present inven- 
tion, however, lift-off signals can be reduced, flaw 
detecting power can be enhanced and quality of the iron 
plate can be maintained. 

(Second embodiment) 

Fig. 4 is a schematic view showing concept of an 
eddy current flaw detecting probe of a second embodi- 
ment according to the present invention, wherein Fig. 
4(a) is a perspective view of the eddy current flaw 
detecting probe, Fig. 4(b) is a plan view thereof and Fig. 
4(c) is a cross sectional view of same. Also, Rg. 5 is a 
schematic view showing circuit construction of a detect- 
ing coil portion of the eddy current flaw detecting probe 
of the present embodiment. Over a test object 1 
arranged are four detecting coils 20 (20a, 20b), 21 (21a, 
21b) such that each one coil thereof has its center at 
each one apex portion of a lozenge. The four detecting 
coils 20a, 20b, 21 a, 21b are so adjusted that there occur 
equal interlinkage magnetic fluxes when an eddy cur- 
rent 6 is in a regular state. 

The two detecting coils 20a and 20b, and 21a and 



21b, respectively, arranged on a diagonal, are in a com- 
mon mode connection with each other and two sets of 
the detecting coils 20 and 21 in the common mode con- 
nection are in a differential connection with each other 

5 and are connected to a bridge circuit 3 for picking up a 
flaw signal. Also, over the detecting coils 20, 21 , there is 
arranged an exciting coil 4 for inducing an eddy current 
6 in a test object 1 . The exciting coil 4 is connected to an 
oscillator 5 for supplying the exciting coil 4 with an alter- 
to nating current 

In the present detector, unless there is a flaw, out- 
put of the bridge circuit 3 becomes zero. If there is a 
flaw, output of the bridge circuit 3 appears and the flaw 
can be detected. 

is Function of the present apparatus will be described. 
An alternating current is supplied to the exciting coil 4 
from the oscillator 5 to induce an eddy current 6 in a sur- 
face of the test object 1 . By this eddy current 6, an alter- 
nating magnetic field is generated and interlinkage 

20 magnetic fluxes caused by the eddy current 6 pass 
through the detecting coils 20, 21 so that an electric cur- 
rent occurs in the detecting coils 20, 21 . 

Unless there is a flaw, the eddy current is in a con- 
stant state to make equal the interlinkage magnetic 

25 fluxes in the detecting coils 20, 21 and output of the 
bridge circuit 3 becomes zero. If there is a flaw, the eddy 
current becomes irregular so that the interlinkage mag- 
netic fluxes in the detecting coils 20, 21 become differ- 
ent between each of the coils and output of the bridge 

30 circuit 3 appears and the flaw can be detected. 

Further, if there is a horizontal lift-off, because there 
is no difference, between the two sets of the detecting 
coils 20, 21, in the distance from detection centers of 
the two sets of the detecting coils 20, 21 in the common 

35 mode connection to the test object 1 , lift-off signals are 
cancelled for a change of parallel lift-off. Likewise for an 
inclined lift-off, lift-off signals are reduced greatly. 

Next, description will be made with reference to Fig. 
6 on a case where the construction of the present 

40 embodiment is used for test of interior of a cylindrical 
test object such as a small diameter tube etc. Here, 
same part as that in Fig. 4 is given a same numeral and 
description thereof is omitted. In case the cylindrical test 
object 10 has a curvature, a probe 1 1 becomes inclined 

45 relative to central axis of the cylindrical test object 10. 
But by use of this probe 1 1 , horizontal lift-off signals can 
be cancelled and inclined lift-off signals can be reduced. 
Thus, a flaw detecting power can be enhanced. 

Next, a case where the present embodiment is 

so used for test of an iron plate in a rolling process will be 
described with reference to Fig. 7. Here, same part as 
that shown in Rg. 4 is given a same numeral and 
description thereof is omitted. In case an eddy current 
test is to be done on an iron plate 1 5 in a rolling process, 

55 there is no constant lift-off of the iron plate 15 which 
moves at a high velocity on a moving device such as a 
roller etc. By use of the probe of the present embodi- 
ment however, lift-off signals can be reduced, flaw 
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detecting power can be enhanced and quality of the iron 
plate can be maintained. 

(Third embodiment) 

Fig. 8 is a schematic view showing circuit construc- 
tion of an eddy current flaw detecting probe of a third 
embodiment according to the present invention. It is to 
be noted that the eddy current flaw detecting probe of 
the present embodiment is driven in a self-induction 
type in which same one coil carries out both excitation 
and detection. Also, a black spot in the figure shows a 
polarity of the coil. 

Two coils 30a and 30b, and 31a and 31b, respec- 
tively, arranged on a diagonal, are connected in a 
reverse polarity with each other. And the two sets of 
coils 30 (30a, 30b) and 31 (31a, 31b), respectively, in a 
reverse mode connection, are in a differential connec- 
tion with each other. Each one coil of the detecting coils 
30a, 30b is positioned at each one apex portion on a 
diagonal of a lozenge and each one coil of the detecting 
coils 31 a, 3 1 b is positioned at each one apex portion on 
the other diagonal of the lozenge. 

With the above circuit construction, the coil 30a, for 
example, has a direction of the current reversed relative 
to the adjacent coils 31a, 31b. As the result, mutual 
induction which the coil 30a receives from the coils 31a, 
31b is set off. That is, even if a variation occurs in the 
current in the coils 31a, 31b, the coil 30a is not affected 
thereby. Likewise as to the coils 30b, 31a, 31b, the 
respective coils are not affected by a variation in the 
adjacent coils. 

(Fourth embodiment) 

Fig. 9 is a schematic view showing construction of 
an eddy current flaw detecting probe of a fourth embod- 
iment according to the present invention. A tube testing 
probe of the present embodiment is constructed such 
that the coils of the second embodiment for example, 
are arranged on a circumference of a column-like probe 
base substance 40. One eddy current flaw detecting 
probe consists of four coils 41a, 41b, 42a, 42b. Also, 
one eddy current flaw detecting probe consists of four 
coils 41a, 41 d, 42b, 42c. That is, the coil 42b is com- 
monly owned by the adjacent two eddy current flaw 
detecting probes. Thus, probes (sensors) are formed on 
the entire circumference of the probe base substance 
40. And by each of these sensors being switched elec- 
trically, the tube interior is tested along the circumferen- 
tial direction and by the same being moved along the 
axial direction, the tube is tested along its entire length. 

According to the present embodiment, a coil is 
commonly owned by the adjacent sensors, hence the 
number of coils in the circumferential direction can be 
lessened. Also, if four coils as shown in Fig. 10 are 
regarded as one sensor, a sensor 43a is overlapped 
portionally by sensors 43b, 43c in the circumferential 



direction, hence there can be reduced a dead angle in 
the detection sensitivity in the circumferential direction. 

It is to be noted that the invention is not limited to 
the embodiments described above. For example, in the 
fourth embodiment wherein the plurality of sensors are 
formed and arranged on the side face of the column, the 
sensors may be formed and arranged on a base sub- 
stance of other type than the column. 

Also, the invention may be practiced with various 
modifications. 

INDUSTRIAL APPLICABILITY: 

The eddy current flaw detecting apparatus accord- 
ing to the present invention is constructed such that two 
sets of detecting coils are arranged to have a same 
detection center and these two sets of detecting coils 
are in a differential connection, thereby horizontal lift-off 
signals can be cancelled completely and inclined lift-off 
signals can be reduced. 

Claims 

1 . An eddy current flaw detector constructed by use of 
an eddy current flaw detecting probe having coils 
for detecting displacement in a magnetic field due 
to eddy current induced in a test object by alternat- 
ing current drive, characterized in that said eddy 
current flaw detecting probe comprises two coils, 
having mutually different diameters, arranged coax- 
ially and being in a differential connection with each 
other. 

2. An eddy current flaw detector constructed by use of 
an eddy current flaw detecting probe having coils 
for detecting displacement in a magnetic field due 
to eddy current induced in a test object by alternat- 
ing current drive, characterized in that said eddy 
current flaw detecting probe is constructed such 
that each one of said coils is arranged so as to have 
its center at each apex portion of a lozenge, a pair 
of said coils arranged on a diagonal of said lozenge 
are in a common mode connection with each other 
and two sets of said pair of coils in the common 
mode connection are in a differential connection 
with each other. 

3. An eddy current flaw detector of self-induction type 
constructed by use of an eddy current flaw detect- 
ing probe having coils for measuring displacement 
in a magnetic field due to eddy current induced in a 
test object by alternating current drive, character- 
ized in that said eddy current flaw detecting probe is 
constructed such that each one of said coils having 
same characteristics is arranged so as to have its 
center at each apex portion of a lozenge, a pair of 
said coils arranged at the apex portion on a diago- 
nal of said lozenge are in a reverse mode connec- 



w 



15 



20 



25 



30 



35 



40 



45 



50 



6 



11 



EP 0 884 588 A1 



tion with each other and two Bets of said pair of coils 
in the reverse mode connection are in a differential 
connection with each other. 

An eddy current flaw detector as claimed in claim 2 s 
or 3, characterized in that said eddy current flaw 
detecting probe is formed and arranged in a plural 
number, adjacent two eddy current flaw detecting 
probes thereof commonly own one coil out of four 
coils, each one thereof having its center at each 10 
apex portion of said lozenge and there is provided 
a means for switching said eddy current flaw detect- 
ing probes. 
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Fig. 4 (a) 
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Fig. 7 
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